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ABSTRACT: In the present work transparent holographic poly(diallyldimethylammonium 
chloride) (PDADMAC)/Heparin and PDADMAC/Poly(styrenesulfonate) (PSS) films has been 
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synthesized via polyelectrolyte coacervates. PDADMAC/Heparin films were obtained without 
temperature treatment. Thin holographic free-standing films with 1 µm grating period and uniform 
surface of a polyelectrolyte complex are readily and fast-made by pressing polyelectrolyte 
coacervate, hydrated viscoelastic fluid-like form of polyelectrolyte complex precursor, between 
flat surface and holographic mask. Heparin replace PSS in film composition to prepare sheer film. 
Such advantage allows to use this film in wide range of applications. Thus, PDADMAC/Heparin 
holographic film demonstrate transparency and reversible response for humidity under diffraction 
detection. Besides diffraction humidity signal measurements, the cobalt (II) chloride is 
impregnated in polyelectrolyte coacervate to make additional colorimetric signal response. In this 
case free standing film serve both as substrate for the hygroscopic salt and as diffraction humidity 
sensor. PDADMAC/Heparin/Co (II) chloride film demonstrate humidity linear range from 50% to 
90%. Additionally, due to hydrated inorganic salt ion size, cobalt chloride prevents film porosity, 
which initiate under film swelling. Based on obtained results and calculations the mechanism of 
water incorporating including reptation model and polyelectrolyte complex behavior are proposed. 
Results of density functional theory (DFT) calculations prove additionally that binding of cobalt 
aqua complexes [Co(H2O)6]2+ with these dimeric associates Heparin/PDADMAС via noncovalent 
interactions (hydrogen bonds) is much more energetically favorable compare with alternative 
association of Heparin/PDADMAС with water molecules.
INTRODUCTION
Polyelectrolyte complexation and coacervation products payed much attention in last decades1-
3 due to their properties: readily to producing, environmentally friendly and its synthesis 
corresponding to the several principles of “green chemistry” (i.g. don’t need to use organic 
solvents)4-9. These complexes can be serve as drug delivery system for enzymes and DNA because 
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such molecules can readily be incorporated into the polyelectrolytes (PEs) complexes10. Also, 
these PEs complexes can be applied as membranes11, for the biosensor construction6, 12, enzyme 
immobilization and microcapsules preparation13-15. There are three classes of materials: 
coacervates, soluble complexes, and non-equilibrium complexes16. Oppositely charged 
polyelectrolytes in aqueous solutions could form a liquid polymer phase, frequently named the 
complex coacervate, and a polymer-poor state17-19. Such complexes have capability to form free-
standing films20. Nowadays, there is a growing practical interest in free-standing polyelectrolyte 
films in view of the universality of their properties and application. Mixing of neutral polymers is 
control with proper forces between them and by their entropy of blending. Entropy value, sluggish 
for polymers than for small molecules, is unlikely enough to overcome even with predilection for 
polymers to associate with themselves. But when aqueous solutions of polyelectrolytes with 
repeatable charged units are blended the significant amount of entropy of counterion (and water) 
fall lead to polyelectrolyte complexation with molecular-level blending, constantly and expectably 
for a wide range of polyelectrolytes21. Such process is a time, temperature and salt concentration 
dependent22-24. Together to experimental results, here we made thermodynamic calculations for 
the hydration processes and presence of cobalt complex in free-standing film. 
Mildness of these complexes is increase with increase salt concentration and temperature. These 
advantages allow provide complexation process at room temperature. Most of the synthetic 
polyelectrolytes (PEs) demonstrate stoichiometric complexation. There are a lot of proposed 
mechanisms of complexation based on the characteristics of the ion groups, molecular weights and 
external conditions of the reaction18, 24-29. There is the most clearly dependence on the molecular 
weight and dissociation force for the complexation process. At this state polyelectrolytes are sickly 
coupled and so well hydrated and demonstrated fluid-like behavior. Therefore, PEs coacervates 
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freely make PEs complexes. Such PEs coacervates behavior demonstrated PDADMAC/PSS 
polyelectrolyte couple. But such polyelectrolyte couple have a limitation due to the reduction of 
the ionic cross-linking between chains in adjacent layers associated with the transition between 
intrinsic to extrinsic compensation to the interaction polyelectrolyte30. We suppose to replace one 
of them for the weak polyelectrolyte to avoid rigidity. Additionally, application of polymer free-
standing film demands the incorporation of metal complexes and structures6, 31-37.
In present work, we suggest to form PDADMAC/PSS, PDADMAC/Heparin and 
PDADMAC/Heparin/CoCl2 PEs free standing films to demonstrate properties of PEs coacervates 
for the formation unique holographic architecture in accordance with the thermodynamic 
calculations.
RESULTS AND DISCUSSION
Method of polyelectrolyte complex via PEs coacervates formation are appropriate for fast free-
standing film preparation. Holographic free-standing polyelectrolyte films were produced from 
mix of oppositely charged polyelectrolyte (PE) solutions as described Kelly et al.17 for 
PDADMAC/PSS free-standing film. These PEs have the capability to form coacervate complexes 
with one or more oppositely charged ions forming PEs complexes consequence of strong 
electrostatic (Coulomb’s) interactions and hydrogen bonding. Thus, after mixing oppositely 
charged PDADMAC and PSS solutions secondary binding forces such as Coulomb’s interactions 
establish immediately (The first step of PEs complexes mechanism formation). This stage of 
reaction is very rapid. The second step involves the formation of hydrogen bonds and/or the 
correction of the distortions of the polymer chains to define new conformation of the polymer 
chains. The third step involves the aggregation of secondary complexes, mainly through 
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hydrophobic interactions and PEs coacervates formation. The properties of PEs complexes 
obtained mainly depends on numerous factors in particularly ionic strength and stoichiometric. 
PEs complexes, form together with ion pairing interactions, Pol+Pol−, between oppositely charged 
units on macromolecules. The ionic strength of the polyelectrolytes has great impact on the final 
size of the PEs complexes. The critical salt concentration for coacervation is caused by removal of 
complexed ion pairs.  An increase in ionic strength induces a decrease in the average diameter of 
the blobs, which could be related to the increase in chain flexibility.
Pol+Cl−·xH2O + Pol−Na+·yH2O → Pol Pol·iH2O+Na++Cl−+zH2O
The as-prepared white precipitate of PDADMAC/PSS is washed with water. Then the PEs 
complexes - PDADMAC/PSS need to dissolve in water and dry in at 50°C in the oven (figure S1). 
Then the PDADMAC/PSS complex is dissolved in KBr to form a gel38.  The interaction in 
solutions between electrostatically complementary polyelectrolytes with high charge density on 
the circuits leads to the formation of PEs complexes, capable of a 1: 1 ratio of oppositely charged 
groups, being released from the solution in the form of relatively little solvated precipitates, called 
stoichiometric PEs complexes. They are insoluble in any of the known solvents, capable of 
swelling to a limited extent in water29. After coacervation the system is divided into two liquid 
phases, one of which is enriched with macromolecular components and is called coacervate. The 
second phase is an almost pure dispersion medium, called an equilibrium fluid. A coacervate along 
with an equilibrium liquid is called a coacervate system. Coacervate complexes are very sensitive 
to the presence of extraneous electrolytes. The ability of low molecular weight salts to destroy 
coacervate complexes is due to the shielding effect of small ions, and the electrolyte efficiency is 
greater, the greater the charge of the cation or anion. The precipitate was dissolved in potassium 
bromide to dissolve the precipitate and form a coacervate. The coacervate gel is placed between 
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two glass slides and dried in this position overnight at ambient temperature. To form a holographic 
pattern, one glass slide was covered by the holographic template. Prepared holographic film 
(figure S2) has the low transparency because of melted polyelectrolyte complex has high 
hydrophobicity. Such effect is aligned with PSS molecular structure. Under charge compensation 
inside strong PEs the PEs complexes and the aromatic part of PSS there is high hydrophobicity 
and therefore PEs complexes are swelled and form opaque film. Such effect disrupts of application 
for the PEs complexes as free-standing “green” holographic films and other optical devices35, 39.
The Heparin is the strong polyelectrolyte and has the same sulfonic group as PSS. Heparin is used 
instead PSS to form PEs complex in equimolar ratio. The relation charge density to the molecular 
weight for heparin is smaller than PSS and it could influence on the coacervation process40. 
Therefore, we set the equimolar ratio. PDADMAC/Heparin film require modification of the 
original methodology because of limitation of heating over 40°C. The white precipitate formed 
after mixing PDADMAC and Heparin is decanted and washed with deionized water. Then the 
PDADMAC/Heparin precipitate is dissolved in deionized water. A holographic template is placed 
on the bottom of the Petri dish and coacervate is poured in it. This system is dried under vacuum 
overnight at ambient temperature (figure 1). As a result, the transparent holographic film is 
prepared (figure 2). Structured film has high reproducibility of grating period that proofs of AFM 
and SEM images (figure 3). For the prove of PEs complexes formation, the FTIR spectra are 
represented at figure 3. The molecular structure of the PDADMAC/Heparin complex has 
characteristic peaks of –OH are 3648-3102 cm−1; 3030 cm−1.  The asymmetric stretching peak at 
2929 cm−1, -CHn-, and symmetrical C–H bending vibration at 1480 cm−1 corresponded to the 
characteristic bands of PDADMAC. The characteristic peaks at 1654- 1594 cm−1 are related to the 
stretching vibration of NR4 and C(CH3 of PDADMAC.  The peaks at 1413 cm−1 and 1334 cm−1 ) +2  
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indicated to carboxylate groups of Heparin. The presence of these radicals- asymmetric stretching 
peak at, -CHn-, symmetrical bending vibration, C–H, the stretching vibration of NR4 and C(CH3) +2
of PDADMAC  and  the carboxylate groups peaks of Heparin confirms the composition of  
PDADMAC/Heparin complex. FTIR spectrum which represented on figure S3 corresponds to the 
PDADMAC/PSS complex. The characteristic peaks of –OH are 3543-3273 cm−1; 3031 cm−1. The 
characteristic peak at 1641cm−1 is related to the stretching vibration of -NR4 and -C(CH3) of 
PDADMAC. The characteristic PSS peaks confirm the sulfonic group, which appear at 
asymmetric vibrations at 1198 cm−1 and symmetric vibrations at 1021 cm−1. Out-of-plane 
deformation vibration of =C-H has peaks at 836 cm−1, 686 cm−1, 621 cm−1. The characteristic 
PDADMAC peaks are the symmetrical -CHn- (2927 cm−1) and the symmetrical C–H bending 
vibration (1467 cm−1). The stretching vibration of NR4 and and C(CH3) of PDADMAC. The 
characteristic peaks of the sulfonic group, out-of-plane deformation vibration of =C-H of PSS and 
symmetrical peaks -CHn- ( 2927 cm−1) and the symmetrical C–H bending vibration (1467 cm−1) 
of PDADMAC confirms that polyelectrolyte complex consists of bounded PDADMAC and PSS.
Ordered structure depending on humidity and degree of exposure can change its conformation. As 
soon as the humidity value changes, the film structure changes. A blur of holographic pattern can 
be use as sensor of humidity (figure 2a and figure 2c). It is possible to use a blur of holographic 
pattern as sensor of humidity. The test with laser beam diffraction was carried out. The results 
from pictures of screen is represented in figure 2. As the holographic polyelectrolyte films was 
placed in conditions of changing humidity, it absorbed water molecules so that geometry of 
diffraction grating has changed. Before an influence of humidity on the sample the diffraction 
pattern shows a uniform deviation of the laser points from the direction of the main beam. The 
diffraction pattern of the PDADMAC/Heparin holographic film shows eight points. The 
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homogeneity of the holographic pattern and the absence of defects confirms the even diffraction; 
the deviation of points from the laser proceeds in the same direction. Figure 2d shows the state of 
the diffraction pattern of exposure to 20% moisture. After exposure to 40% of humidity, four points 
became less bright and four points blurred (figure 2d). Since the polyelectrolyte film was shrinking 
due to changes in humidity, points at horizontal and vertical directions are partially blurred and 
deviated (figure 2b). Figure 2d also demonstrates the picture of diffraction after 90% humidity 
treatment. It is seen that dots of horizontal and vertical deviations became blurred spots. In the 
absence of moisture, the film takes on its original form, the diffraction pattern is similar to the 
diffraction pattern of the first type — before exposure to moisture. The diffraction pattern (figure 
2d) confirms the reversibility of the system. According to the presented data, we can conclude that 
the PDADMAC/Heparin holographic film is more stable than the PDADMAC/PSS holographic 
film (figure S3). The change in the diffraction pattern of the film of the first type is slower than 
that film of the second type.
We have measured the grating period from AFM image for PDADMAC/PSS holographic film and 
SEM image for PDADMAC/Heparin holographic film (table 1). Based on small angle 
approximation from the equation (1) the spot size (table 1) were calculated.
(1)
Where the y is spot size, λ is the laser wavelength, m is order, D is distance to screen and d is the 
grating period. We have measured the spot size for each state of the polyelectrolyte structure with 
a change in humidity with using the program for PDADMAC/PSS holographic film and 
PDADMAC/Heparin holographic film. From the equation (1) the grating period were calculated 
according to the spot size changing (tables 2, 3). From the table 1 and table 2 it can be seen that 
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the grating period before exposure of humidity and the grating period during relaxation at ambient 
temperature have the same value, which undermines the system's reversibility. These data confirm 
that our system is reversible and suitable for holographic films application.
To demonstrate compatibility with holographic film admixtures and enhance humidity response 
the CoCl2 aquacomplex is added to the PEs complex structure. The transition metals complex salts 
are widely used in polymer films due to its optical activity.  To save the ionic strength during the 
PEs complex formation the concentration of chloride ions from cobalt salt is taken into account. 
Cobalt ion doesn’t effect on coacervation process due to the aquacomplex (Co(H2O)62+) formation, 
which prevent interaction cobalt ion with polyelectrolyte in accordance with Hofmeister range41. 
PDADMAC/Heparin/CoCl2 film also demonstrates transparency because of complex salt has no 
dissociation in PEs complex. PDADMAC/Heparin/CoCl2 film demonstrates additional the optical 
humidity response. Advantage of such modification is preventing the porosity film formation. This 
effect can be explained with hydroscopic property of cobalt chloride salt. In contrast with free-
standing polyelectrolyte films with sodium chloride and other alkali metals31 where under film 
swelling porosity arise, the film with cobalt chloride has no porous because of under film swelling 
the water mainly includes in metal complex. The water bonded with metal complex have higher 
ionic radius than alkali metal ions, which prevent porosity (figure S4). In order to evaluate the 
thermodynamic favorability for the formation of various supramolecular associates in the chemical 
systems under study, we carried out quantum chemical calculations at the DFT level of theory (for 
details see Computational details section and Supporting Information, tables 4 and S5). Results 
of our quantum chemical calculations reveal that (i) self-assembly of PDADMAС and Heparin to 
dimeric associates Heparin/PDADMAС is thermodynamically profitable (by 43.7 kcal/mol in 
terms of Gibbs free energies); (ii) binding of cobalt aqua complexes [Co(H2O)6]2+ with these 
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dimeric associates Heparin/PDADMAС via noncovalent interactions (hydrogen bonds) is much 
more energetically favorable compare with alternative association of Heparin/PDADMAС with 
water molecules (note that in case of Heparin/PDADMAС/[Co(H2O)6]2+ we locate structure with 
2 imaginary frequencies, but this is obvious from the inspection of table 4 that difference in ΔE, 
ΔH, and ΔG values in cases of hypothetical transformations H2O + Heparin/PDADMAС→ 
Heparin/PDADMAС···H2O and [Co(H2O)6]2+ + Heparin/PDADMAС→ Heparin/PDADMAС 
···[Co(H2O)6]2+ is dramatic and removal of small imaginary frequencies does not change the 
thermodynamics estimation qualitatively. 
As humidity increases, cobalt chloride changes color from blue to purple to pink42. Such striking 
changes in color make cobalt chloride useful as a humidity indicator in weather instruments43. 
Moreover, the mechanism of swelling for the transition metal complex salt with PEs complexes is 
shown at figure 4a-d. The metal complex allows to form polyelectrolyte melt at dried state (figure 
4a), at 20% room humidity level this film correspond the polymer reptation model (figure 4b) and 
with humidity increasing the PDADMAC/Heparin/CoCl2 form the blobs (figure 4c). Such 
advantage provide evidence for reversibility of proposed free-standing holographic film. Cobalt is 
a transition metal that is capable of forming a wide range of stable, colored metal complexes, most 
of them with octahedral crystalline structure. The anhydrous, blue-colored cobalt (II) chloride 
changes the color in response to humidity, thus forming the hydrated, pink-colored hexaaquocobalt 
(II) ion. The reverse process can be obtained by dehydration in oven. These phenomena can be 
explained by d-d orbital electron transition of cobalt (II) and have been detected by means of UV-
Vis absorption spectroscopy. The results make evident that the anhydrous, blue-colored cobalt (II) 
complex shows three absorption bands in the visible spectral region of 500-700 nm. The hydration 
of the cobalt (II) compound is accompanied with a decrease of the absorption peaks, which can be 
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observed at 660 nm. In the present study, this decrease was measured as a function of humidity 
(figure 4e-g). The obtained data of free standing PDADMAC/Heparin/CoCl2 film absorbance 
spectra are evaluated. The humidity linear dependence on absorption peak area are demonstrated 
from 50 to 90%. Such film can be reversable dried and multiple used for humidity measurements. 
CONCLUSION
Method for PDADMAC/Heparin and PDADMAC/Heparin/CoCl2 holographic film with 
reproducible grating period is proposed. Such method allows readily and short-time to prepare 
free-standing film via coacervation without temperature treatment. Proposed method can be used 
for the free-standing film preparation with specific geometry. Hydration processes were observed 
experimentally and simultaneously calculated with DFT model. Obtained results prove the 
preliminary cobalt aquacomplex formation and then interaction of it with polyelectrolyte complex. 
PDADMAC/Heparin film demonstrates humidity response sensing with relaxation. Cobalt (II) 
chloride as dopant in polyelectrolytes coacervate add the additional parameter for quantitative 
humidity sensing. Such sensor allows to measure humidity level from 50 to 90%. The mechanism 




Poly(diallyldimethylammonium chloride) (PDADMAC;; molar mass 200000-350000  g mol−1), 
poly(4- styrenesulfonic acid, sodium salt) (PSS;; molar mass 70000 g mol−1) were purchased from 
Sigma-Aldrich. Heparin (pharmacy, 5000 medical units) were bought from pharmacy and was 
preliminary concentrated. Sodium chloride (NaCl; purity ≥ 99.99%) and potassium bromide 
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(KBr;) were purchased from MERCK. Cobalt (II) chloride (CoCl2) was from LenReactiv All salt 
solutions were prepared using Milli-Q (18.2 MΩ·cm). Holographic film (1000 grooves/mm) was 
by Edmund Optics®. 
Instruments 
Infrared spectroscopy (IR). IR spectra were performed using FTIR spectrometer FSM 1201 
(Infraspek, Russia). Spectra were recorded in a range of 500–4000 cm–1 at a scan rate of 50 cm–
1/min. Memmert UF30 Plus oven. 
UV-VIS spectrophotometry (UV-VIS). UV-VIS spectrophotometry   was used to characterize the 
optical properties of the PEfilms. Measurements were carried out using a two-beam scanning 
spectrophotometer with high resolution Spectrophotometer UV-1800 (Schimadzu, Japan). Spectra 
were recorded in a range of 200 – 800 cm–1 at a medium scan rate. 
Atomic Force Microscopy (AFM). The surface topology of holographic PE films was measured 
using atomic force microscope Ntegra Prima (NT-MDT, Russia). A 20 μm × 20 μm, 10 μm × 10 
μm, 5 μm × 5 μm area was scanned to obtain sufficient patterns for reliable statistics. The 
measurements were conducted at a room temperature (298 K) with a Ti/Pt coated tip. 
Scanning Electron Microscopy (SEM). Scanning electron microscope Tescan Vega 3with a 
classical tungsten thermocathode and XM object chamber (sample height of 145 mm and at 3-5 
kV) was used to image the surface of PEs complexes films.
Green Laser. Green laser Pointer 50 mW with 532 nm of wavelength for performing of laser 
diffraction test. The test was provided in a dark room to led to better visualness of laser beam 
diffraction by the holographic film. For this purpose, a holographic film with a thickness of 0.5 
mm was produced. Both green laser and holographic film were fixed at the same level, as well as 
the holographic plane of material situated perpendicularly to the direction of laser beam. The rays 
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outgoing from the film were depict on the black sector, and the distance between the film and the 
picture was 5 cm. In order to observe hygroscopic properties of the holographic monolith, it was 
placed in medium with several humidity, and photographs of the screen were taken at 10 s of 
treatment. Finally, the holographic film was dried in oven and put in the installation again.
Free standing film holographic architecture fabrication. Polyelectrolyte free-standing films were 
prepared via PEs complex formation by the simultaneous mixing of aqueous solutions of 
polycation and polyanion. The gel is placed between two glass slides and dried in this position 
overnight at ambient temperature. To form holographic pattern, one glass slide was covered by the 
holographic template.
Humidity measurements. The laser diffraction test was performed in a dark room to ensure 
maximum visibility of the diffraction of the laser beam by a holographic monolith. The green laser 
and was fixed at the same level with the holographic sample that was located perpendicular to the 
direction of laser radiation. The diffracted rays emanating from the monolith fell on a black screen. 
The distance between the sample and the screen was 5 cm. To consider the hygroscopic properties 
of the monolith, it was placed in an environment with 90 percent humidity.  Finally, the humidity 
was changed to the initial level and the relaxation strain of the sample was observed. UV-Vis 
humidity was measured with calculating the dependence of peak area and color from film 
susceptibility to moisture. The film was being kept on equal distance above heated water for 10 s, 
30 s, 60 s from 30 to 60 degrees. After that UV-VIS spectra were gotten and with program peaks 
area were calculated.
Computational details. The full geometry optimization of all model structures has been carried out 
at the DFT level of theory using the M06-2X functional (54% of Hartree–Fock exchange, 
recommended for the study of main group thermochemistry)44 with the help of Gaussian-09 
Page 13 of 23
ACS Paragon Plus Environment






























































program package45. Calculations were performed using the fully relativistic energy-consistent 
Stuttgart/Cologne pseudopotentials MDF10 that described 10 core electrons and the appropriate 
contracted basis sets for the cobalt atoms46 and the standard 6-31G* basis sets for all other atoms. 
No symmetry restrictions have been applied during the geometry optimization procedure. The 
Hessian matrices were calculated analytically for all optimized model structures to prove the 
location of correct minima on the potential energy surface (no imaginary frequencies in all cases, 
except Heparin/PDADMAС···[Co(H2O)6]2+), and to estimate the thermodynamic parameters, the 
latter being calculated at 25 °C. The Cartesian atomic coordinates for all optimized equilibrium 
model structures are presented in Supporting Information, table S6.
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Figure 1. Scheme of PDADMAC/Heparin free-standing holographic film synthesis through the 
precipitate formation stage (a), decantation process (b), coacervate formation (c) and holographic 
imprint technique (d).
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Figure 2. Diffraction humidity test measurement setup (a-e): common scheme of holographic film 
geometric parameters measurement (a, c), proposed changes in grating period (b, e) and spot size 
changes during humidity measurements from 20 to 90% and after relaxation (d). 
PDADMAC/Heparin (left) and PDADMAC/PSS (right) synthesized films (f). 
PDADMAC/Heparin free-standing holographic film photo (g) and optical microscope image (h).
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Figure 3. PDADMAC/Heparin holographic film AFM images (a, b), SEM image (c) and FTIR 
spectrum (d).   
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Figure 4. Proposed mechanism of PDADMAC/Heparin/CoCl2 film swelling during humidity 
measurements: from dried film with salt crystals (a) to reptation model for the PEs complex melt 
(b), blob formation at high humidity (c), and legend for schematics (d). Representation of 
optimized geometries for model structures, formed PDADMAC/Heparin/Co(H2O)62+ (e) and 
PDADMAC/Heparin with water molecule (f). UV-VIS spectra for the PDADMAC/Heparin/CoCl2 
film at several humidity levels (g) and calibration curve for the peak area dependence on humidity 
(h). Optical image of PDADMAC/Heparin/CoCl2 film color transition depend on humidity (i).
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Table 1. Theoretical calculation of spot size for PDADMAC/PSS holographic film and 
PDADMAC/Heparin holographic film based on grating period.
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Table 4. Calculated values of ΔE, ΔH, and ΔG (in kcal/mol).
Transformation ΔE ΔH ΔG
pdadmac + heparin → heparin···pdadmac -59.3 -57.9 -43.7
H2O + heparin···pdadmac → heparin···pdadmac···H2O -42.6 -41.2 -28.0
[Co(H2O)6]2+ + heparin···pdadmac → 
heparin···pdadmac···[Co(H2O)6]2+ -120.8 -120.4 -103.4
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